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NULLETLH OF THE ACATEMY OF FCIRNCES OF 115 USOH

reolorical Serles
1950, No §

x o - e

AROTRCTONLCE AND THE FORUTION OF PHOSPHATL RN Dnﬁub;&bl
(heport in the (leneral Veeting of the Section ]
of M feglorie=taoprsphic Selencee on 26 Hareh 1950)

A Vo Kazakov

ig srtlele sels forth gevaral concluslina, bused on tvwo
peoloplo=pronetic rules, eoneernirp the peorrsphide  dletritatder
of phoephute rock deporlte.

In gontrrgt 1o the previous fornnllet=tiolithle theory,
the suthor for tha firet tlne proved, and exporincntally verie
fied, thut phoephete rocks wore Loiod oe che leald twarine
deposite from ihe depthe of oceen weterr upon thelr trnspreacion
on the continent.

Followlne the examplo of investipstore of the nosowole
fugelan -labfovm :nd other Lorritorien, the nuthor &lso dewon=
gtroted the conformity of w11l phosvhete rock depoaite of the

commerclal type to revions of reotectonic depressions.

teneral theoretical end repional raotoctonice sttoined hirh levely
of development in the works of A, P. Karplnekly, A« D. Archenpelekiy,
M. S. Shatekiys Ve V. Belousov, and other invertipotors, However, the
question of the formation of deposits of mineral resources in reletion
to peotectonic conditlons pamained obgeure for o lonp time. In recent

yasrs, ln connection with poologle prospecting studies on the needs of
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ferroug end noneferrous metellurey, snd ¢lec on revre elenante tnd minerule
chentcal rew meteriale (boron, areenic, ;h@aphef:ha, oto. ), peolepiete
come mere and mere to etudy thim proilem. Thle menlfected iteelf meet
ek rrly in the iield of petrolewi sud pes peolopy, vhere,; on the baele of
the wark of I. ita Cublkln, the penotle relatlanahip of patrelewr wnd pas
deﬁionitn te pootoctonies ("pagepetrolewn structures") wae clearly ond
dietinatly deoonetm teds  Lf anone pecloplete end petreleu - experte

there 1o develaplne obh & co won lanmiage end & co on underetandive of
the rale of enelored etrwetures, np uphervele of the entlelinel type in
the fowmptlon of rer=petroloun depopite, then the cueetion of soue kind
of reletlonghip Totwe n phospheie rock depoelbe #nd reotectonicn, tnd

the ruer Lien of the ferme thie relatlonship trker, have not Loen congie

dered.

1o OENETIC STARET LN TS FO@TION OF PHOSPHATE LOCK DEPGEITS
ALl depoeits of wineral resources of cedimentary origin puse
tharourh nﬂ¥é;222ﬁ%+va series of penetic stares in thelr develop.ent; in
nerovdence with & chanee of conditions they forn new combinatlons, in
. ) equilibrdun with toelr environment, of rocke=lorming minertls,  Irom this
o point of view & eorrect theory of the oririn of :ny sedi wntery rock dee
posit should he considered not in the nireow franework of the -.perution
of any one foctor (genetle stare, which ig in renern}bf comparatively
short duration), tub in the entire srerepato of the conditione of B60L=
mentary rock formetion eee from the initial stape of sadimentatlon to
the fina) store of the furmetion of rock deposite.
Lot ug anelyze in rrester deteil ‘his basicelly dmportant t.eeis
in the purticuler case of the forsation of phosphate rock deposlte.

A the Lime when the charscter of Uhe phosphate phase wnd the
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process of the cheropedimentetion of the phosphate naterisl of phoephate

rocke were cxplained by ne in sufficlont fullnep with phyeice=ehen eal
studlee (3,5,5,7):jZﬁprbh6ﬁiﬂ uuncerrirg7'¥ﬁe ultinnte stesee and
avelution of the initdal phusphote pel up thrueph the phosphete rock
eonerotione, otrate, snd deposite ware still dnadequetely Tor-ulated.
Aeeumleted veterial now pernlte ue o cgle ooserder of naw, Fereresching
poncrolleationn and conclnedons in thia gphere of sedinents ry i ferentiam
tlen,

In the hletery of Lhe evolutlon of every phopphete rock depeslt
severnl penetie etoree, wcourring in giceoesive ovder, mist be dletinpuie
shed,

In the ponerel proces’ of bholfavm:tiun of phosphote rock deporits

the etores ere ve followe:d

t. Very Burlicet Stape

Initinl chemosedimentation of the colloidul=diepersed phosphete
from Lhe conterts of the murine veewn witey flowing over the ghelf (zones
of shellow w:ter), simultaneously with mechanical sedimentetion of
terrirenone clestic roterdal of verylng quantity brought from the conti=
nent (fipures 1 to L).

A was chown by our cpeclel studier (5,0), the calelun phosphate
(prinary hydroxyleapatite) which is precipiteted at the seme time encloses
in ite crvetrlline lattlee o fluorine jon of oceen weter, which penerelly
contring nroﬁnd 1 millipren, per 1iteg:f1uorine ion. The initial phosphate

N

deposit, moreover, is b pefor-ed into colloldel finorapatite, dispursed,

hemoge ric
topether with the highly ditpersed hesmohennotd f;+-$$ans&&$awa$¢onu-d.

wwmapﬁnmgz-calcite, in the golid mass of the deposit of "dead rock" of
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terripenoue weste(Fipures 2 ta L),

be  Stire of harly Ulagenceis.

Fram the mement of the entre ce of the depeeit Lnte the gtape
of disgenesle; the initis) fri:ble Bediiaent, baipgccnan&nt;y eovered by
one new gedinentution after snothar, rradually vetreste (ﬁHb~QF€§§, &6 1t
vert) inte decper levels, into Lhe aune of diercnerio, where the oririnal
frleble pedlmente rre eubjested 1o the conplox eyele of chemlonl differens
tletlone  In vepard to the phaephete rock depcolts which Interert un here,
the most Loportant procesces of sarly dirperecle ore! For.etlon £
reowth of nagraconcretioue (ph@cphnrltcs, {lint nodulee, ecdlaentery
pyr-te, ane cthere), an weoll oe of microeoncrtione (plavesnite rralue,
ferroune 057;t6a, leptaeileiiten, ete.)

AV the besle of the nechandsn of the rrowth of eoreretions lies s
general low «= the etrivine of the cyrtene to dininleh ¢ gir surface
enerpy b meens of reerystol .sotion into sore coereowrriined orproprtos
phases, ond the penersl chureeteristie whilch ecoarse eryetale have of
belne less culuble in co parigon with fine crystrle, The nagsian term,
"drawing torether! (concratiun), rather cleerly tronewdte the estance
and mechisnisn of the process of the Furmation of cuncretions in the vtape
of early diuponesis. The oririnal, hirhly dispereed phoesphe: te purtlcles,
evenly distribtuted in the sedinentatlon strotum, are drawn torether
throurh the alimy solution to new canters of erystullization (the cope
densation of rround bhases), and after the formation of coneretions of
phosphote rock the reralning deoad rock is in peneral already slmmificontly
devold of phosphorous. Thue, the penerally Kimmerirdgian=Oxford clsys of
the Moscow syneline contsin 'n all only 0,05 = 0,10 percent PPOSS vhile
the originel privary coneretions of phoephate rock enclosed in them ore
enriched with up to 25 = 30 percent PQOS.

Chemleal differentiation of the deposit in the sti-e of early

WprE g e
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diapenesie, in inetences of the hirhly irteneive procese of the eripinal

chemesadinertetion of phoaphete, ¢ n proceed to the forwation of compact
The pheapheritle elsbe of Zurele. Ehehirrev (Sencisn), Yerarvevek

("tyazan hovinen"), the Unier Kemek doposite (Valontien), Kave=Tay

(Hidle Cabrian), and othere, serve ae exsnplos of such a types

¢ Stope of Late Disponesls.

The ehove=indicoted dierenctic procesren of irtrastratlided
mipretlon end bLrenefore of the m:toria}ém bacieilly the reeult of the
bloehi. leel dlalvtepretion of orgzmic) motter (detritus) buried in the
gedl sntee Thie lecde, on the ene hend, to sm Ineresce in the ot rbon
dioxide contont (o ¢ preduct ef orpenle decoporition) in muddy wotors

=« 8 phenovénon whleh recucer the pll of the anvirenment end increoses
the solubdlity rnd wobillby of phosphuter, nm'bomqtaa, ane othor m'rerals.
On he other hand, the products of the ma]emﬂahx':z;'z'm*tml 2o -Frugsian
vord-Pohagtichnyy" moans both "molecular" end "pur‘clalﬁ' bilochamical
decay of orpunle matter cherply decrease the oxidotlon=vaduction
potentinl (W) of tho env ronment, lmparting to it o restorutive, oxyprenw
free chercetors Under these new conditlons, striking ly different from
the weters of the norire sediventetion stepe, there sctua 1y develop in
the depuaite new, speelfic minural == gldorites, redinentery pyrite
(marczelte), products of the reduction of the sulfste ion, ete.

Horeover, for each new phose-minersl there ure ite COTTEespONG . Ny,
specific conditions of the changing environment e levels of T, pl,
lonic concentrztions, gus preceure, ete. Napendineg on the depth of the
submersion of the sedirent and on its removel from the OXYFenous nong,

the charceter and direction of the biloche deel decomposition of the turied
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orgenic mattar (carbon dioxide, nethane, hydrocen, ¢nd other fermentations)
and sleo the geope of the experinentelly meagured diveraitice of the
diapenctic ehvironmenk cen chanpe for the red@xﬁ??adoku--mtrnnv&&%aan&isgl
potentdel over a wide renge (from 00 willivelts te <400),

Thie d@ypenﬁtio etora doap not talke plaee vor 6l depoelte.  Thue,
1t8 dovelavment in cenarally elieht for the eindy (well sereted) phosphate
rock cenoeitr of tuvel, Uryenek, Altyuba, and othargiwhile on the other
hand L4 16 well develoned for the eilt=elay doperito of the Juraeele
Northeim Coucasug, the Hesezole and Faleopene cactern elope ol the

Mortaern Urola, Rearewlay, fnd other ploces.

di Zhe Taterd bbiie

{0 the pbragion of depoelis contrdning phosyh be roel Uhie store
ponurally lerds Lo their evoglon tnd to ip unlosding of the wauhadw=outl
phogphete roclk econcretions of werying wpos, In the form of tn exposed
layer of hasic conrlueerates Toie rrequently lende to the foras tden of
comerelsl rock daposits, The Portlind basle eonplomerate of the
Mogeow oXlast, the stratu of phasphate rogk conplomerate of the Tryansk
Senoman sthra, the phosphete rock duposite of Yodolys, and the recontly
Aircoverad Silurian rock deposite of the Leningred oblagt, for example,

make up devosits in the form nf strato of phosphoritic pravelmcoquing.

as The Stare of Lpipenesis.

Pinally, af'ter the repression of the sea and the drying of the
baein, the deposit coues into direct contoet with the atmosphere in the
lust epipenstic strre of the peclmontery eyole.

fhe behevlor of minerals forwed in the depoxit dn ibs sedisentation

and diepenetio stapres is strikingly different in the epleenctic steres

H , ,. . e
I;"x".’“r‘r P e R T N A —gzv' e w-v.-,f‘.:~oxu,-:\'?‘r<=-.: A
\ -
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of the sedimentary cyele.

e behavier of minerale formed in the cepesit in ite fedinentation

en¢ diarenstle gherae ig strilkl gly diiferent in the aplpenctlc aLepes

With vegard Lo pletforn phoephate roeks, the initinl starae of api-
penesis, frem o conercial point of viawy Migt Lg coneldered o jaght
spctor, leading Lo fhe feadlier dlgintepretion of the noged" cementi

rock which binde topether geprreto corgretlors of phapphorileis In

Lveg
0y

thir

ganarally'oxidizinn, hyﬂralyzinr apiprenetic anviren ent the baote mineral

components of tho ghove-nantlonad dead "oanont! (celeita, gadimonlary

pyrite, siliccous avnl-chalaodony WEHE, HQLGOUE alumalerrogllice et
pidorito, ate.) ure doconporad snd pane ovar into now, cteble phecos
peuely with an gneraree in ite oripinal olzg. Topether with thie
yrocoss, the wogment! 18 degomposed nd dlointopreted, fpacing Ore
goneretione of phogphate rocks This leads s o congldern:ly eagler
s iaplor soneentrotio and axpl.itetlon of the phouphate ore€.

Lxonples of this sre the Tiryansl ant Yeprovavoky phogphate roc
ores (L), the periphern}%mnua of the Chuvash, ¥ineche.. and other de~
posits. .

On the other hand; ‘the protracted stupe of epipenesls in a po
nround-climuhic sone leads to the complete decomposgition and loer in
pround weters not only of ‘the nee ent", bub &lso of the phosphote ro

concrotions erbedded in Lte

£. The Sbags of thexmedynarie atomorphisme

1 phosphele rock deposite of the peosyncline {ype ~hich ure
deprostad, often to congiderable depths, in the proces of advanced
gonesals end interspersed with inbruglons, the operations of thermo=

dynamle metamorphlsn 1end to a still grester yrensfornation in the
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original eppeerenge of the eediientery phosprate ragl Thus, for the
rydile Combrilan phosphete rech deposit of Kerseloy (Kamakhsten), whieh

2
oxperienced the sost advenced stapas of Galedonian anﬂ‘eria:iun'é%prin-
BKly « tranallt&ratiag? orogengele, the weoric of F. T Bezrukov and A G
Trulthecheve ghows the follewings

1. Gonverrion of the sedluantery phosphete racks loto
cryatolline Yetratifli d apatdtec” (Fipuree & to 7).

2, Cenversion of dolo dte into dlopelde, aerpentlue, ond
telenmy aonvevelor of erlelie inte epldete.

43. lHyorothored prucenres = ngorenct of chaleopyrite,
relenite, [luorite, oscovite, will quartz, ote. #re detectod nerr the
pronito intrandons in the phospince coel otrota.

Striking focturcs of the wetanorphisn of scd. entery phoeghste
roeks hove been dicelurcd in recent yorre by the labore of the ftete
Inebltute of Hinlng ond Chemiesl law soterinle in the to ritory of the
Siberien plotfors (SLlurlen buein of the Lonu iidver, Gembrion Haslern
Gayanel dounte ngje

The sbove=sentioned "gonotic otares" of the for-eglions of
vhosphate roek dopoeits have o more porersl importance Lndy &6 pruce!. er,
apply este tislly to oll deporits of minural resources of s.dimentary
oripin, roflecting in ench renetic et:pe of the evolution of the
depoeit thelr epecific cher:cteristics snd peculisritles (for example,

the series of iron ovre depnsite, ete.).

2 JDCALIZATION OF PUOSPHATE LOCK DEPOSCULS OF M. RUSLLAN PLATFOI

The Mesozole deposits of the Ruselan plstforn :ind of the lomcow
synelire, which enter into the composition of the platform, have been

rather fully stndied in the mmerous worke of Sovlet peolopists, from

Y , ; o ‘ 2o Aepne i v !
, L
N\ e Loy Ve Al o Ve :’ ‘) C,j— b 1.~) Lt f)A:(;l‘[(jq;»{v‘L
- . < = =
Ry i : 4arwwﬂ qun \M o n fﬁw
!. ! ) -
- 8 -
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the etratlprephic, ae well «s the geotentenie, point af view. in recent
yerrs, in comnectdon with the eongtruction of ‘eep Buperting oll wells,
petroloum experte have introcuced meh valualle factual date. 411 thils,
apainst the brckeround of previcuely publisned, deteiled raglonal stroctue
ral mopg, which often include leopschytes, stwicture contours of cantocte,
phase indev eards, and paleopeoprephic dilerrece, hes permithed ug 4o row=
fine oux senenptlone reperding the palaotoporrephy of the Meponolo depom
glta of the pletfern, On Lhe ather hend, the extensive study eondueted

by un of the 1itholepy of the Lesogole copoeeile on the bordere of the
descow rymeline hwe 1170 peinoled ue te ceftne nore prociecly the toporros
phie ehnreetor of the depeeibe vhieh develosed here along the eeperrto,
stretificd lev lg of the Upper Jurecele snd fower Crotaceous (Fipure ).
AT thle hes provided a sulluble basis Tor uxplolnng the mochanioms ine
volvad ‘n the lecslization o) jhosphate rogk doposite, thelr reture,
profnetivity, moonitnday cbes w 8ll o dntereolotdon wlth pelestopopraphy,
thet dgy dn tho 1inal analysie, wlth rerlonol pootoctonice.

If one exe ines toe luer ligetior of our pletfors. phogphatle roek
deporite, he i ebroek by o basie pattorn =« thelr conformity, in @
struetnr:l sense, to the main sones of deprercion = to symelires, saps,
and trou-hs, which openod into en oseen bawin. Thus, the numerous plate
Lorm phoeplinbe rock ceposite of the commerelal type (the Upper Keaune
Kogtroie, Tatar and Chuvash pSSK, Ullanovek Volgs region, Moscow district,
and SarotoveSyzran Volra roplons) proved in thelr formation to te sulior-
dinate eesentially to the pereral structural plan of development end stabie
liration of the ! oscow syncline, which opsnec into the Northern Aretic
Goean (the replon of the Pechora Sea and the mouths of the FPechores River):

his iy clesrly shown in the palevpeopraphio nep of A. M. Mazarow

vich (8) for the Callovian snd Oxford stapes of the Hursian plstform
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(Fipure 11), on the mape « £ A Mo dpchengelskly and A N Fozanov for
the Portland snd dquilon, und others.

Turnip to the Senowsn phoet bale yoek ceperite af the Euve,en
part of the o), we obperve thet ebaopt &1l of then sre subovdincte, in
o gtructursl pence, to the Lnepr~honete (Uradninn, treuph (Aweek,
Chehlpry, Uryenal, Voronesh, and ethevrs); whlal, vls the Jover Volea snd
the Cagplan depreceien, ¢o wnle: tod with the wrritl e baging of Gentrel
feda snd with the Feedfle Cseon =« Tebisys,

An analopous pattern and conformity of the formetlon of phoasphate
roel dapnelis to the contours of etructaral depreseions whileh opened
inte the ocean ean be ebserved tleo ln the erre vl ¢ whole rertes of othor
dupoeite (Pelecpone phoephate rocko of the Thurrovian Strelts, the llesow
wole phosphoritec of the lena=Vilyusky deprecsion, the Lelejnl phopphote
me s in the peripherles of thu Westorn Ural submontune deprectlon, the

phoephate rocks of dare=Tay, ete.).

3o TN MOSCOW SYNCLIME /ND PHOSPHATE LOCK DELOSTIS
An anolysis of the cetusl date on the distribitisn of phosphste
roci: doporite In the strustural outlines of the Hoseow cyneline, tnd the
peolepde epe of the maln sbapes of the :!evulqmén‘b of thero deposits wre
shomm in oo poslte Table I.
From this teble of the physical und geolvpicwnpe distributlon of
‘the Mesouzoic phosphate rock formation along the eiructure of ‘he Morecow

syneline, the followlng conclusions ensuet

1. Geologic Are

As heg now been made clesr, the peolopileo pericd of the fornstlon

of ¢ll thece phosphete rock deposite correspopded not Lo any one particular

“« 10 =
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mement in the histery of the developnent of this tre:endous eyneline,
but rather to a series of con. eeutive and orderly geolorle stiree in
the develeprent of the structure lteell ¢p & uhole &f well we of Lhe
phesphete rock depoalts :saoolated with 1t

Thie tre endous Hesosele warlne cedloentevy cyele of the larcow

ayneline, whleh led in dte sedisentory differentletion 1o the develope

aent of phosphete rocks end o the for idlop ol pheuphete zeel depopile,
had elready bepun in Lhe cerly etocea of the Unier Jursscie sedl enlery
oyele (Callovione-Uxlford), and o elear “"phosphorite’ eontinurtion of 1
le detocted in thle etrueturc in the Velestiun of the Lover Cretogecus,
And o, for exasple, for the replon of the dorcow eyneline the
etipa of the oriplnal ehewosedbinentetion of phosphate tnd the diapunatic
whase of the Tor.stlon of luwitinl, lndlrenous phosphoritle econerotione
extonded over a Llonp period of thi e == from the Lower Cullovien to the
Velentdan, inclusively. The privelpal wlaron of the stivelve forantion
of the "phos horite strate" (rock depoaite), huwevor, coiretpont to
comaratively short mowents in reoloide hustory o~ to the o ntury of
the Yortlend zone of the Valuntlan, anc olso to the be indng strpar of
the Tower Crotaceous, when, as o result of lurpo-seale trunsprecsions,
phosphorite-baaring Upper Juresslc sodi-ents wore hollowed oud end the
oripinal, lndlcenous phosphorites confined in them chenred into nowlye-

Lformed phosphute rock strate in the Lorm of basle conplo erete.

2, Synclines an Lines of Trunsportation for the Supuly of Oceanic

Phosphete Water Hatees to the rlatform

The esrly steres ol the formation of phosphate rocks on the

boundsriet of the loscow Synecline correspond bo the highest point in the

Eﬁﬂ;i‘“
Flivin 0l

- 11.-

L
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treneprencion of the Jureeelc esag, Theee Upper Jurasele deposite are
legelized nt the £irtheet cletance from the tretle Ogean «= the geat of
the travgprepelon on the merlen plalfers end the sonpee of the nebile
phoaphr Leds

£n the other hand, the very L teet stoper In the Intencive To.maw
tlon of phoprhets rooke (valention; coveespond to the enrtellnent of the
pereral trenspraerion, ond the plan, progpherite todudarestratified de=
poelte of the Heoconean ptape of the iloreow myneline ave locallscd el the
prectest proxirity to the ccemnie eoent] ng -- the barin of the Lypols
and Vychepdr vivers,ind ol the Upper Kame, Vyabisn, end Pachors.

The verlong to the south, fer »emeved rror the Aretic (eeon (tho
hoele souree oi the soluble mobile phosphstes for the vhole northeastern
fmesian platfor 4, loee thalr phoephcle-roct developient in the Neoconian,
pithe pagelng over Into cosrne, sondy dapeeits vhilch are deprived of phooe
phavibe from the prectical polnt of view (bosin of the upper Volpo, the
Moscow and Viedl-ir Oblasts), or forming pebtly phosphate 1oek strota of
the basle conglomertte Lype (at the expense of the surlier={ovned phog=
phate rock concretiong of, for exa mple, the Penza Qblast, ctes).

Thus open, oceenscom unlceting synclines, s¢ one ol tho forms of
pls tform, extensively developed, tectonie structuran, should,ss fer wse bhe
Lopwebion of phosphate rocks L1s concerned, be cpnsidered besle routes of
transportetion for the mipretion of vearic, phospholined wiier mss: ey bo
platforms, with subsequent unloading (crystellization) of distolved

phosphobes along the shelves of these synelines.

3. Intraformational Antdelinel Uplifis

Richt here it is nocessary to ‘take into conslderotion the impore
tance of intraformstiunal (on the borders of synelines) tectonic antie
elinal uplifts for phoephate rock formetions In petrolewn reolory there

positive structures, which fecilitute the sccumuletion in 2 roof of

“i1? e
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EUNﬁULﬂ 1

petroleun and gee yenlta, ugnal y gerve as & otieet of Intenelve Inveew
tdpetion for the purjere of subsaguent deilling. The experiencs of
yhosphete perlopy leede rother W on orosile eonelugion.

Aleng 11 known plotf o emelinet (the Hopear, meprelaonote,
Ulienovetapstoy with the Vetluzh depresehon, ihe aorbhern edte of
the Cogplen deprecelon with e depds dopreselons, phospheto rock
dapoplte heve daveloved te & frertry or lapger dupres, (N the athar

hend, dn gl knom sLetfor, tbpaforac Lienal, replonsl, entiellnal upe

Wrbe ve pencrelly encounter £n otlamabion af phogiheie rovk cavelonw
sant, and even ilE gomplate corretlon ob o Laplae chodopatinantary pro=

ge r As anwipler of the wo ooy eito ihe Vyuble clovi Liong, the Soratove
Pennn elev: bions, the Aletyretorsily elovalions 40 the u per reasches of
the Unehe Ldver (Kaloprlv~$olianlich), the wlevetions slone the novthe
wostern snd o theastorn bounderkoe of thy Kinoshem trouith, the Sviyae
ahek=Totyueh clovetion along {he northorn frontier of the Ullanove

caputov ayneline, and othorse.

L. Axiol Zones of Syncl.nes

The bost conditione for phosphute rock devel pieut are Lhoge
assoclrbed with the specific topoprop Le zones of & theld (zon.g of
ghallow witer), where there oceurs o thickening of the phosphete from .
the ocean weter [lowing over the shelfs in the decpor parts of synclines,
£411ed with siltepelite gediments (thelr axial portions, wte.), conditions
for the thickening of phosphote are unfavors le. An example of thls moy
be furnished by the phosphate=free deposite of the Oxford=Kimeridplan
calearsous clays of the series in the southorn snd middle portions of
the Moscow syneliney while thelr peripheral zones=—=zones of shallower water

weare glgnificantly phosphetlzeds The same thing oceurs in the case of

D e ) .
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the Saneman phephaiee of the Lnepr=lonete depression, where in the axlal
portion ef the strueture (a pop in the fharkev river) there le ¢ thinilips
out of the phogphcedite Lgrer, vhile in the pe: Lpheral northern sonee
(hryanak, *hizdrs) the Senoman phosphnte veek atpetun Lo developed %o

Lte maximonm maenitude,

L TOLS OF CRONSOUIOCOUE AN AT DanTONs

10 the foreroing account wa have n ticed the role of txeneprercions
we v fretor in sYyecive prosercee nd In the Tormtden of ") haephete
lovere of Whe gonelo crabe bype”

Gguever b would bo ineorruet to reduce e entive cipnlfleenco
of Lrenspreseiong 'n the netter of phesphote roek duvel jmont exelupively
to the weehsnieal obresive celivity, with the fornetion off funde entel
Lezle conplomerstes As hoe alrcedy boen nobed elove, the caprdng ond
formetion of svnelivee (open Lo on ocedn basin) consbitule the prineipel
act produeing the dinplecormont of ocern wolers wlong the eynelive to the
platforna, Therafore, the very dymemies of oosen w:ters (tronupression),
the risipeeup of the decpest curvents, ls the direet, he Lundamentelly
importent result of pletfom tuetoniess In roprecslont we ge¢ Lho pro=
cossne of n reverse order cne or onother intrefornstilonel elevetion on
the boundsries of synelines Lripe ahout the reverse trensfer of water
macees to tho ocesn = it brings cbout shoallnp, Chances for the
devalopment of phosphrbe rocks under these conditions are extlremely
diminiened, A striking exemplo of thie ig the CoterlveBarrem stuge
(which followed the Valentian trenspreseion) of the Russlen platform,

with their deposits of phosphute.

- 111-
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g OR HOMFTETE ANATASIG NT PREOE HUVEL ) UL HETHODY
(FATLOO 0t edIC Al OF T ARG U YA GLRE) PALCCHELIER)

The «ort lntluete relation among iectarle feetops, the Lormaw
tion of pelaorelief (pyneclines, intrafor.atlonal clevetions of en anble
elinal strueture, eod athere) and the loerlinstlon of phosphute rock
denoplte o tregad more [undacente 1y ead menifaor be iteelf an the
uniforal tiee of the pele tdonshi  betueen the srepematrde compositlon of

e et cieenond o enenbe of plosphate ekt snd the containing rocks,

on the oag hand, end thelkr minerelaplerd ond chendoal eompot t Lion, on
the others  The aualdly af pherpiete roeks copends an fetadle of pelaow
rallef; thet Ly 211 thinee coraldered; on platfern teetonice (ehdefly..

With thie olw we heve worked gub £ cpeeksd method eppliceble 0
photphole rocks we & pranonetrie analyele by qurrtae

The aprance of the wethod consieks of the tollowinge & deposli
it subjected in ¢ gpooind ey Lo congecutive trautarmt by aqua rois
and o sulublon ol sociim hytroxice fox thu complate renovel of ull dla=
penetic products and the presorvetlon in the ringed Minsolible residue®
only of gteble clastle premules {pranules of quarte, maialy)e The
rosulting "soluble residus", after hydraulic and sereen closeificution
according to the grade of the granules and siter determining bhe pers
genbare of yields by fractions, 16 converted into an "sverage median of
quarta" in microns fox the pranometric characterictle of the piven
deposit by means of ¢ single figure. Ly wes found that in all cases
‘the perlpheral, usua i ly raised, portlons of the phosphate rock deporits
of the Jurassic and lower ¢retoosous perleds n the Ruselan platform

reveal one and the 8810 directlion of phuse change.

-15-
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Thuey in these ralped sones in the paleorelies of the periphersld
wortions of vock «eposite, i1or phiesphate :ocks of the srgillaceoue type
of the Hesowole plitfor. (Vyetko, Fineshus, Ghuveshys, elee), in
ad ilien o en bnereues ln Uie slve of guaite rrenules (0 thelr averape
medlen &= % wkesongly bhere wee sbgurved dn i seddoonts the apreavence
of plaucendto, or velethve increses In the percentire of the glsuctuite
content, n redustion in the aneunt of Patry ond an dneresss in the dngolulle
repidue #nd pereentira ol AlpO3 wnd Fa0g. With the furthor rise in
paleorelicl (the shouling of @ basin) pranulos of plauconite are cone
verted into the Jerrour plaucontls type, end, flnelly, into forzour
QGLLtoﬁ, or ovoldes In the finel snolyeis, the soedimonts puss into the
phese Lype of fwecrous, cuoureeerralnad, alichtlysphoophelived condslonos
{Uppor Volps repiony tne sonthern outeklrve ol Gyazan oblust, ete.).

Ag un uxample, in Uuble 1) we adeuce our collater aborial
Lllustrs bing the chrnpe in the prunom. tric comporition wnd quality of
Valention deposite (phosphule rocke ond contolning roeks) in proportion
to the degree of move.unt from north to south alung the Contral imseien
gyncline &nd ite intorsection of the zonew of intreform: tional uplifts
of the sentlelinal type.

From Table 11 it cun be clearly seen that the romoval from the
Arekic Ucesn gouthward desp into the continent, to the intersection by
the Moscow syncline of the sones of intraformational uplifts, produces
the peneral tendency of enlargement of the prenometrie composition of
the sediments, snd also degradation in the development of phosphate
rocks == doterloratlon of quallty ond deecresse of productivity., In the
northern limlte of the ioscow syneline (Upper Kema deposit, the basin
of the Syeolc, and others) the productivity ond quality of the Valentian
phosphste rook stratum stbain .aximum proportions == 250 kilogrsms;per

Bauare metegﬂ{m;‘with an averape content in concretione of 26 « 28

N
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Declassified in Part - Sanitized Copy Approved for Release 2012/04/17 : CIA-RDP82-00039R000100140010-5




Declassified in Part - Sanitized Copy Approved for Release 2012/04/17 : CIA-RDP82-00039R000100140010-5

| Gﬂ&!ﬁﬁﬁh\,

peveent P:0cy denosils sre cherratarized Ly fine prequlovelty (overace
mpdlan of cuarky 52 £0 mierens)y tvoierl sl sLauconile~nloneeous
dem:ﬂ,l‘,ﬁ have beou develonod

I the Lobdbude of (Lthoylaveimsan-tonse, Jalenbion depoglba,
ovorlaonla vie wone of upldfba, o pxnweascd Lu worng of LW GFw
Lyg wely ghal ow gosotnl shasc ol e aver o s Lo georslon f aungdite
alea gands (Uith aediang vancin Teen 200 W 180 adepang), md ter bhe
an¢VLQMmmmwtfmwduwmntaVnMWMNm;rwmv(btmw(ﬂﬂWWGhnf

- Vg . D P far whe wevela
.1,7{H:1>.‘!,nv-‘»‘wm.’,l":, peaund Tk haerean, pey g0UeTy e ter, et R ¥

anrvnely geabtarad tn wie steskin o Lhe aridyy tndL e ahenanie

. NP cpr sernn Talpedin
racks of bho "kru lyashohaya® [Beanalltersulony Sitorntl pran Matvella 7

4\ . Lo tes and o
StLLL Paether goubh, tn bhe direatinn of ‘o, upgl, rad brvaani e
Fagr oty vpmr g [AL I
tlag donnatibs disappont conpletelr, el padaged by peth wWnney gool
Tl apsas ped e
sunbe of fine and averspeeceeined, ferelued, oonor Ly arans peined

I talepa ! Rk ' Yeen e
apnvala, and oondatonay glth kaelin esaaat (Mnelilia! Yy moanlebely devol

af any phoaphotization,

The sysbenstle modifteaidnn of the phage cherash stadon of
mevlae demouite (bhe averase odinn of clestie weaulen oo oanris,
aroduettvity of nhagohute vael sprebn An tilospems wer soueve noned
Uniy porcnnbaig of the i'gt)g content Ln phogphariles, chge) Lo ree
venlad meve fundamontally and te reflested in the dlabinet r A ety of

the inbarpelations smonr bhe oxldes in the sedlnentary le d 1tssl” as &

whole, ns well a8 in uhe phosphoriee chrota subordhbiave bo b, Thus

. N N 1 TS
08 an exanle we shall sdduce bhe eorrelabive Munctioanl relstion of the

conbent of Al.0s and f*'eﬁy 50 the P"O‘J content tn pdauconite.nicn phiyme
’ : e Fd “

vhate roaks of the Valentian age (Pizure 8), whieh relotion, i Lbs
turn, Lo the result of the intlvence of the nalsorslief of the sesefloor

of the Valenbian basin of the Moscow Jyncline,
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Thie, W partheular, dlapraves the sontbeatlon of o nwnber eof
sovelen sclenblows {nelnschenic, w AOBETNIN, b sehne e rhen) wons
ceralas the abgonee e sedlientoy roeke (Lo conbrest W aeeatie) of
papalartbles ol phane o rarengstu, stier o ke nEsoehe Lhan, thenleal
relablonailos cuow wieldes, « b8

Faloe ugsurbhoag of o glulloar il wwe oy et sy, W
gaine waston aeluablovtg, o na, A Ha svvnpihaly o boxubent

Inbreducolon wo e ol gl 0 Sodboonosy wachs (B), Sniuedl

Wi b medbilerukon oX i savilest gopoalilon of audiculiry 1EaR,
wyauchh about bejebhur Wi b i eenaaler e blon cpe ecirne b wees be

alltry, Uwrs do el kbl witie 26 aker pe bberng whleh wg obaurve Lo

oneoun rocks,"  (pegu )y ang fapthers Mo tubringie alnoenls ol

gudbienbaey roeks will foria aixbired onong chenselvan, (nouae somposiion
o wilell vhure ore no oy ellfie pvles,! (prse 950

In oftuet, Lf we wlsh bo o sanslotenl and proceud From Uhese
posttdons, e would thovibebly ¢ »ive so U aem ol ol the soloenge
of Uie pheses of sudlaenb ty rocks i A bhe impossibllity ait making
rediotions ol oy kind roperding elbher the seoprepiicel distribution
of duontibs of mliurel resuurets of uedl wnbery juastis or Lhe rapulor

pauterns ol Lholr quallby and produciivity.

Gy siifillin 0F fuDaské Sobl L DwAGUUUL, aDa O Gl Lol & OF Lla a0k
SYNCLINE  (ied Wits CLEHOL OF AV G el Al Or QU:"\I».A.L)

fhe wolleinvestipsbod 14 vl Loplewstratlyraphic Hoosole com, Lex
of setinunbs of the loscow syneline provides Lhe most rewarding material
for bho Labensive study of bhe rosuler patbterns in the gueabion of

sodbmenbenceunulation rhythns, for the congirucbion of epeirograms of
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the movemente of the earth's orust in each raplan, and for the practlee
of walng vhythimmdlerramg for the purpese of & stratlersohile corvelation
of sedimenty,

A8 ve knowy e vy tee of sedluentbwacounnlatdon sro cgrenlielly

i

& xaflectlon ol the rayuas of e vioelomy soven nle of th. copth'e

eranle Vo Ve Velangov (o 1237 end 19:0) wae ane of the irsl o
donunibrate Wb & ale ol verbieal woveoanbe of verious Judde: t,i.u'nzz al
e earkte el b oeoplven ceprden could e recons brue ted LU Ui el
OU Gue b 04 oid e onbbades ol Ui cyne donone sedbnentdn (Loopachiytog)e
He aviived ot ks gunclusden b proceediog e Liw prinel,le of Lhe
Compunisa tdun of viIbEslory auvearnbe of Vi escin's otust Ly progeriog
OF wrylonerebion wnd weotdows Oy viriue of tnls prinelple ol con ghne
Butlon, e aepnllade oo dopucits dn Giig llesl aparonsh W bhe peoblen
Ao baken as euuol Lo Whe siao (anplitude) of the tuglovie Slnitlonpg of
e goeth's ceusbe Sonewnsb luter (J909), e i iwiov unde thia method
more procize hy replackng tha wspenitude of deposits with thelr volume
(the produet of the widths of the Copoyibe by bhelr muface aren, with
correetlon for the contrastlon fuctor). Ihis is the tomealled volume
mabitde

Both mthorg, nevervheless, a rive at the conclusion that "the rude
ding method in the study of the history of the undulating movemente of
the envthls crust is the method which L based on the study of mepnitudes
and pheces of sedimentetions.

Yging bhis twowsided premise (megnitudes and phases) as our
point of departure,we heve endeavorad to simplify the qualitative snalys
ele and congtruetion of rhytﬁ;céuranm.

We took ug our bas:ts,, irst of all, the phege apperrance of the

deposite, their prenometrie composition in the etape of subnqueous gedie
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mentation, when the deprett ie ot e yeb sliered by the leter stepe of
dispenesig (the provih of wicraw and peroweoneretions, etee)s Thus, in
the mumerleel phuse iadex o the deperile one abbalns thely pranometrie
goupot L tian, which is veflecten in the merndince of the “averars e ian
of queslalt e the g laglde materiel of teyplpgnuus e gerried inte the
gadinentiyy bepln pron bie dry Loty and wiii ibe gonbinuous rewsehlnge
Yy vevaes on b level "alpner then bhe seblan of wives,! Where muet oguur
an lpevitelle sostlne oul and redeposition o e graniles a4 clatale mae=
terial acoording Wwtaeld alze and tag coptug o the taron of leapibla
aprlonecs lione "

ifhe nechanionl gompapitlon oL o deronit ¢\ each riven polnt of
the pos flo r odepends wout gho hvdrodynuile procots (dLruction ol coa
surrenty, o ebb end rlow of the tides, the churscter of the sed-
awelline, obee), whisly U dbs turn, le tho reswli of the topoeraphy
of the gup 1. ¢ nnd of the gontirurs tlong of thu shore.

In the wpkn on of i Ve Klenoves " on 8 leveled, plang subaqueous
glope of o ntrrieht nosgbling tha weeaenierl corposibion of & duposit
ehaneen epadual 1y, in cecordinee wibh the incrause in depbhy gravel Ly ro-
ploced by mddy send, the latter by mendy Bilt, ote!  In obher words,

he ereno-elric composibion of ¢ depoeit chences dn stlet proportion to
deptie  he flolesuriaced choracter of the relatively shallow, platform
onosote Daging with thelv glonting rellef should approzimetie this type,
Lo,

pnd soy An the poriicular case of the Hesodole deposibs of the
Hoscow pletforn syneline, the panometric gompotition of the gediments
(averape median of Aquartz) dn thedr oririnal stape of godimentation

refleche, epealing vonsrally, the dapthe of the sedimentzry besin, On
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this besle we have permitted oureelves to make an experiment of the
eongtmeticon of rhythiaprsne ac ording to rrancuetrle indlces, and to
maoke a receratructl n of the s;jeerince of the paleerelief of the reglon
under etudy.,

Repording the territery of the central ind eouthern seotlone of
the Moscow eyneline for the Mesouole (Upper Jurestle end Iewer Cretuceous,,
elpht erenometrle rhythne (eyclee) of seddoenteaccwulation nre ele: vly
dietinpulened (Toble Til and Flrure 9.

Of thoto rhvthing (eyelen), apart vom the TIret snd the secend,
the met shuiply delinested (rhytime of Lhe firet order) tre the
Portlond (mone Virg vlrgotus) and th twe Velentiane ("kyszan horlzen"
and Mldele Valentdan), bepiuniup Loy the moet purt with on abrasive cone
plorer te phosphate rock lesyor, Un elevited Indicos of paleorelicf,
mainly in the southern scetlons of the Momeow synelins, the Coterivekiy
ATranslltervtlcg? rhythm bepine with a basic conplomer:te of phosphorite
rodules belonging to poneratlons of verivus apes.

The dlapram (Fipure 9) shows the rhythee of liesozole nedirorite
eccmuletion in coordineter of ti o (peolopic indices) end rrencuotry
of sediments ("averare wedian of quartz" of rrurulec of cloetic mincrals,
in migrong).

Thus, we ore eble to srrive at the f.1!wwing conclusionst

1. For the entire centril and southern sections of the losecow
syncline, the elements of the rhythme (the bepinning of trunspression,
maximum submersion and regression) coineide chronolugleally. 'This demone
strates the simltaneity of vibratory moveiente of one and the sume kind
for tha entire territory of the ceniral and south.rn portions of the

Moseow synelings

- 2] -
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2, The femm:bion of phasphate roeks in &ll cages sonforme to the
glament of rhythm which reflecte the gtere of LRanBpieE glon, On the
otier hand, depredation of phosphate rock cavelopnent eorreaponde 9
stupes of rapre:ilons .

3. Te peotact nic ayeten of the narthern honnderics of the
Mescow ryneline (' pper Kanak=Sysol raplon) clifers ef entinlly trom
1te contrel end gantliern cectlend In the Mogcow vopdon of the bagin a
riaing=movement vendency teket place Ler the Neocowdany in the northern
Upper Kamek rerlon, on the pther hend, einkine 1nd Loy ilop=down of
oxire-oly {Lro=prs inaé gedimonte e chere elerietic rendencios for the
pane patlids

L. Cenetiecally, goncretiong of ¥, phesph rite, ai(lerité,
LUmonite, md othore repras nb pos vions of containing roek which were
cenontod in the procet: of digponeeis by one o another muterlal Lrom
muckly solutions. Tnorefore, the pronoww try of quorte prunules of
conerebilons usua 1y sorrusponds to Wi eronosolry of the quarta prenulos
of the conta ning rock itselfe *b ig thiv phencuenon which mukes ror
the graat gaperiorhby of our muthod of constructing rhythuoprams by the
’median-oi‘-quartz‘ mathod, It ls conmon knowledpe thet the true nasnltudaes
of deposite asre relotively rarely preserved in nubure (the influence of
the processes of abrasion, eroslon, etc s which facbs naturally, limits
the applicabllitvy of the icopachyte nethod of V. Ve Belousov, ond, cofi=
gequently » of its veriunt, the volume method of A, B. Ronov. lowever,
in the case of the application of our prano etric method of constructing
rhythmogroms the preserv:-«tion of the full, true wopnitude of depoeite
does nob eguentially have such a decislive importances Hoyeover, the granue
netric method 10 especially valunble for the reconsbruction of the litho=

loric features of washedwaway gtrata, of which frequently only relics in

- 22 -
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CONFIGERT 4.

the form of redeposlicd pebbles of phogphiate vog and other eonare tlong
remaln,

The pranemctrte wethoe of the mediaus of QuErty proved te Le
hlzhly sensitive, Thue, on the bowndsrles of euterep such dutaile as
all ol the threo wones of the Aquilen aye rathep elearly rejoeted by
this wthed (ef, FLiupe 2); o additlon, the lower Fulivns zone proves
to e the moat fLua-gvulned, e Batonulyel souewhet More conpae=rralned
in all lnatﬂncua, et the wppar Hodlserov heg the wameum‘w@dlnn-ofb
qu&vtn'valna.

S e evolublen of ol rhvbline e o and congeguently ef the
ouctrosente aovenent: of We . arki'y crust oo, hed @ apeeiile diroas
bon tn e Upor Mwassle and partly in the wwer Coel coous cevioeda
S bhe crvaber part of the Lorr! by of bhe chineow avneline, The
durablon of vaeh ravsha, the ecorvuep adin: Arnitdes o Ui depontits,
and bl aversqc depth of' bhe Lusiug duercssed With the peastag of
fwolaste Ly on bhe other hand, the cosrsencay of the clastle (renules
ant the soreesponding shallowssan of the vaging lner azed, Tuc EpLlroe
aenle, vikreauting mevenents of the certh's crust and the rate of phiog=-
phote roek developnent were dylns out, ‘ihe Jurasst e=Crobugeous Sedingne
Loy mecacvele wag apiroaching tts eompletlon wd comlng to an cnd in
the bopdery of Lhe f-peow syneline, prineivally with conbin neal deposits

of apablte, Lufore bthe new Upeer Crobaceous, Alb=Senoman tronsgression,

To  GEOTECTONIC SYSTLNM F Ty FORMATION OF PRl TAN
PHOSPIATY 100K DLPOSITS OF 1il USA
For a comparison of the Geotectonle and pgeneral lithologlow
ponetle system of the phosphate roele dupostts of the Hussisn platform
with bhe worldew!de phosphete rock deposits of Foroipn countrles, great

Inbercst 1o prosented by the US with ibs tremendous phosphate roek dew

- 23 .
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poalis of the geospucling bype aggoglabed with depestts of the Pernlon
acve  An oarclysie of Lhe zreal amount of fietual veterlal, charts and
mapg iu the work orf By Gondil, sublished IR 1728 (13), permite ua o
mate the followlng ¢rnelugions aad jenerelizalicnn,

1, The «ap of Lhe logallzallony »f phegphale rogk depoulte, and
the laepachybes of tiw cognlinded ol shogphate poek alrata enpuarlog
with 4t (Floure 10, el arly show lhe conforaliy of all Pernlan phoophate
el dipoalta of the US Recly founbelas Lo ety merkdlon Ly elangoated
depresalon of the geeoyneline byve, bound by sonen ol giuat roptlonal upe
1,008 == on bhe nor lieast by the Gonedisn shlold, and on the erot Uy Lhe
Paleomede elovatlong of bhe #pralochian mountalns (aromnie zouc of the
Caledontan),

2, b paleogeemaphleally roeonstructed Sorm of the ore Ls repres
denbed 4n the doram of a nerlacl nelly cloninted, hure lab lens with
aacnlbudes deercosing frem the control axtal Line (h=foot Lucpachyte)
castuard and, apporenbly, westeard, Yhe gouthern ond ol bhis lons o
net reb shown tnobhe worlk of Uy Goudibe

4, Ihis eradan deprossion of Lhe peosyneline type in ils nov-
thern e opong into Uhe norbhesstorn parb of Ui Yaciflc Ocean and
aeihborins resions of the Arebie Occan, tn the sbate of Hontana,
on approxlnetely the 110 deyree to 115 depree meridian wost lonzlbude
Irom Greeniileh (bho sources of the iackenzic Rlver, approximately
1,000 leilom bers to bhe wagb of the woutern border of AMagka), Phote
phabe vocks are braced up bo tho BV degres north latitude,

L. In an earlier published work (8) e gave, on the basls of
tlie materlals in bhe abovesrentioned publication (13), a lithologice
phase anelysis of three latitudinal profiles across the Permian phoge-

phate foraatlion of the gwosyneline type in the US (southern profile along

o=l
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he LD desree parellely wic euntral alon: bhc L dugrvey the novthern
along the U9 desree, 3. minute), iere we encountered patherias hnown te
wg feon the Russtan ploviems,  dn ell 1u<brﬁswﬂ Without exesotlon, the
tntersectlon by thege profiles of gones of lntreforartl nal willfts, or
any appresch to them, led to bhe deredetlon of dhoo b le vocln doberioraw
bed, Lhe phos hate roeka Lein: ¢ nverted Lute vhat tu well 'mewn Lo uag
from the Nuasten platforn == Lato ol quarta=claveontig, sandy, nodular
bype with 16 = 20 porecnt P205 content, inally, sblll iarticr te the
enzb, in proportion as 1 apireaches U zonug of the clevetlons of the
Conedian ohield (Wind Kiver sod Luver, bveming) the Fermlan phogphatbe
vhage dles out in genvral, Loing: roplaced by o phase of Quartsibe, sunde
sbone, and lint depoalia,

ALL Ll hao wen sbeLed above ouprests very vividly the antlo=
Loun patberns Lor phesphate reck depesits on Liw Moscow gyneline, ree
flecting n nany rospocls bho common chnracter of bhu puretie nabure
off both, 4n spite of the difieronces L bhe rolos of phouphate accumue

Ilon and 1n the gesteetontc type off the ruspective duponite,

B BOME COMCLLST NS ELERRING THL D IoTuInovon
OF PHOSPHATE RIGK LLPOSTTS

Selentiffcally subsuantiated predictlons vogording the poo: o
phic distrdlotlon of deposits of minersl wealth in the territory of one
or anothor counbry and region 18 one of the mast urgent, and ab the sase
blie, one of the most complex problens of the geolopleal=mincralogienl
scicnees, IMoreover, 1t ig completely obvious that, independent of the
form and type of a mineral, the bagic preraquisite for a successiul sow-
lutlen of these prognostic probleag s a corruet theoty repgnrding the
condibions of the gonesis of an ore=foruing mineral itsolf as well as of

the clreumstances of the depositeformation of fhe given nineral,
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Ve shall r view Lrlelly those theorcule vrealecs sad cenpaliza=
tlong on whlel we heve bullt our concepilon of & predichion of the tcow
prapile dlstribotlon of shoesonete rocle diposiiag,

1o Inoconbrant to past, Loagsheld views (the Ulellunle wieony),
be Loraavlon of pheyphute roghs 's Llaked with e preelpilatlon of
hWighly dlgperscd phosphnte maturial of & fluore-apatitic nnbure out of
eeennle wiler nagace (marloe wobor of nomal selinily). Whis wesle
mrogess of lalblol ehemogcdlicntublon of Jhosphsue hws been annlyeed
La detall ty uva in speelal puullched werld and hog been verifiod oxe
cerbis abelly (3, Gy 6)e Uis pesibien ulislnotes Lrom Uhe Liens to Lo
wred [or .redicllons cencerning phogphrte roeks the redong of conw
blaental depoatls (the dey land) and alsie terelborics ocounied by frvohe
wabey and salt bﬂsinﬁ.

2, In the diarencble process the orizinal phosphote econymlunm,
dispersed 1n the dead vacl mass (Lerrdronnus rnmavdf), underpocs OLfw -
furenbiotlon, Llsolating itsclf, in comparison with Lhe orlpginal core
respordence bobween the phosphinte mass and the dotn rock, in Lhe form
of eonereblons amd substence of o pluty-sirabilicd bexture,

3s  Trequenbly, the subsoquent avrasive procossed lesd to a
aeehaniesl wiloading of bhe phespnete rocks in the form of pebbly phose
phate rock straba or Lasic vonplomerate, forsing ab the some time suversl
rock deposibs of thu commercial bype (fkbyuba, Bryansk, Yegorevslk, and
ubhiers),

Lbe 4 careful study of the history of the development of the reow
teetonle system and of its accompanying paleogco; aphy, and vspectally
of paleorclief, should be the foundation of roplonal predietinng of the
eographic disvrivution of phosphate rock deposits,

Se  On this basis the territory of the replon under investipgation

can be subdivided for the suecession of periods and ages into progpeetive

3 L : | ( . ' i ot
K V\ HC-’! I BE g m e T Wy _r\ LR RN A "f ¢ g ‘1‘{“5" ;‘k PEES e Lol q(‘\ Iy
! bt ‘ w T Cr ]
e PFred o a, and ‘J."“"?’f'-{" e bean S fend 5'“1‘ ‘(l(r’") ao efeidiee ) r""’l»']f",
) oM eYT 0
Nerste | debris i) @ﬁ“?‘nnw L 1AL
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. GOtk fine

undanqm@m@guwglmukma,frmthp;miuhci vlgw of the Likellnoed
of the oogurrence of phosphiabe yogis deposibde

Pa the progpectlve cute oy Lelony zoney of depreanlon == Oyhe
elines, say lnue, trowha, abealbs == whilen opuncd diyeebly inbo an
ogean Lanln and wileh were Ve wanlc Yrangporleblon routes fur conveys
tng phos neblaed, uepeauibud oeern anber waases deep nbe uhe adjel (m
ing eantliant,

Geolorle woe dowa neb play an comcnbial role La the fernation
of vhene depresslona, slnce the formsblon ef phogphate roeks, fyom e
worldwilde notnt of view, hag Leen tr ecd i an unlaberrupled scquence
fren the Co brien snd Proterezedc evag wp ko L precent Wees LU 18
cviaent thed the cosentlal vele 19 pleyed Uy bhe depth of these deprode-
aiens and by the swseneo of shecls or Lerg whleh senl off bl loeard of
a oconbinaid Lo et WaLers, in seeorconee with Uhe vertledd dlotribus=
tion olf i Pawg, Cdy eontent in scoan waburs, the upper layers of wa=
umabmxm»admmhmfﬁoLo1MHmmmsoﬁhrcmmmmtwamiutuein-
Lereul Lrow Lo polnt ol view of tie thteckuning of caleluin phouphate bew

cauge of their phosohorous delicleney; on the other hand, the decper,
cﬂﬁommnwﬂmm,r&hinmmmndmxmm are bhe Lusle pource of Mo
Lile phogphstes and 1n shnllow woter sones, under ¢ nditlons of o col=
pinuout supply of ocgnn Jber (Lloor eurrents), are cepable of erysbol-
1izing oub pathor large wauses of phosphabes, This limils the ncceg=
sary depth ol such deprussiong = rourhtly caleuloted by us to around
a 100emoter column of running wators

6, In accordance with the exbremely slow nature of the process
of phosphate rock formation, the deprosoed zones opening inbo the ocoan,
which interest us hore, musb be paleogranhically prserved (must be

oboble) over a protracted goolopic poriods
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Thue, the Moacew wynollng 1n tne perled of phoaphate vogl
fapmatlon exisied 1n Lhe Upper Juresste end gnerosched upon pert of
bhe Tawer Cribugeoun (the Valou uisn iwrkody a0 that, in abgolute chronow
logy, this cormeapends to a whole epoehy J3 w~ 13 alllion years, and
one perdod we Lhe Volentlon = apprexdiv bely b omidllen weerg 1 L/ mile
llon yenrs in all),

The e wdldlleran geosvueline of the US exlotod seenrely Tor
around 20 mllidlen yeors duplu: the parled o Lbs Lower Mermban phosshate
vacle Lormetion (1=7'l). lie subnenbine vestern U 1 depression, whilch prow
wierilned Ui forantion of the reeameline type of A \.,ﬁks 8. __ gt
f".rb;in:;xkiy re Arhe Hr&lg photphitbe rochs (Pl), exlowed Lor around 10
allllon years, cle,

Te  lzeluded also frow i peogpechive molono of phouphates
accunulallon are deprossions sl Lhe onelo: ol type we hollows, intere
montaue cavilive, srabens, continentol tecbnnle Lrealn, Yo this sune
cabeiory of dopressions, non~progpecbive for phospha b accusulstlon,
apparently belons; hollows with duveloped carbon aceuwnilation and gsalie
Fieation and, alse, dopesits coineldent with resdeual psleo-uplifis
of the gocond and third order (ombarknunty, bosses, ote,)

Phosphate sholves should ve congidered above all as replons of
shallow waver (around 50 wters in depth) s and from this peint of view
Lhey are structural clements of the doprugsed gones thengelves, usually
consbitubing their peripheral portions (the coastal, bord r zonee),

Withoub waiting for tho final conelusion of previously Legun
sumiaries of the history of the developmont of the peoteetonie syatem
of the individual repions of Siboria, wo are able at the present Ulng,
by procecding [rom the above sbated premises; to give several conerote

cxamplos (£:r bhe most parb along bhe territory of the Siberian platform

w2 -
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and e Yentern Slwrinn plain),

1, The ObeIrtyeh syneline alens U castemn alope of the Upale
("iawre 1), Dhe Labore of e nact syeers hove eonslderally penetys Led
Wie ateuctural Deaturas of Buw wabaaslve syaciloe whleh orened 1nlo the
Avetio Ooean (the Reva Jan) as curly es the Gallovian aunka, Iuo axlal
Hone mung eleosl merlddonally, anoeonbsatoly alons Uie O Bay =gl
Biver Llue, and o £400ed with thiel martne depoalbs £ Lhe lenorole
wad Foleosene (up to 2000 witere), To Whe wert, In e dlreetlon of
vie looblillls of the Upal rance, one obocrves o aanerol rieline of Lhe
gedlentary aipata e thelr corveaponding mreleiatie @ ien- R R LT
preguine to the vary teeaslomation af the saplie secloonts tntn cone
blrentnd onea,  Porallel with the abave-indicated wilsl line of Uic syne
ellne, Lines of deprensions, Lelonsin: to Lhe enterory of the second
twder, are also found, PFor rezcoreh lu phaaphabe rocik Gupeslla, nilurale
Ly enly this sloplng, relatively nareow sono alowy the onsiorn alupe of
Liw Urals offors a oubsegue b paeblenl Intorent,

Tho phase ehanite of depoalts seeurs nob only dn labitudioal proe
#iles, bub alse meridionally (a phenosenon of she uadulabion of Lhe
ates of the syneline), Therelors, es ual: dupaisils (J3 plus Cxi) of
bhe sloping zone along the euastoern glope of the Urels, roughly southwazd
Lfrom the labitude of liarsyata, ofler Litbie prespect fop phosphate fore
mation, Phosphorite=busriag duponlbs are represunbed Lor the most pard
by the marine Paleopcne with a veakly develepud phosphate rock gbratws,
Explottation of this kind of phesphate rock strata can hold a prace
tical inborest only in conneetion with o complex exploitation of other
ored ., Somrenaas
vie should prospect for Mosozole phosphate rocks (‘alentian) in

the northern half of the Ob=Lrbtysh syneline, along thu sloping easiern

“ 89w
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sane of the Urales fhepe depealbs A eleordy phuapham.‘.sad.

2, ‘he Hesorele Lena=/11yul deppeaston of uhe Stuerlan pletform,
whieh begen L developeont i the serinatng of the Jurassle and wag
Ltaundated oy the ses tn the bladle ond Upper Jureeaic, whelly completed
L depropsed, aariie sbauetural AU NIHCERR whe Upper OreLaccoug.
In mesesele tlied ghig Lenaw/ilrd Coppepaten gorpuntested with the
fretie Qoonlle

e e Gepresaton Lo fopiered Lo bhe o et wenb By melent
Folied struclurvd. fecorida; bo debo bnoour g goontun, Bhe phopphate
paci colneide wlui aoring Qepnatie of e Jildele Jurrosie (Ja).

4, the Lower Perahim Mrepldicyanal preh of U i uoosoke=Alpine
foldid 2 ne Lounds Lhe Stuerian plobiora on the noruheast and s cofe

o

vosed of dupouita Py pluo 1y pluo Tn of the zeosyncline Gypos

e padon ol the Jerkhoyanak arch 1 bhe Lowr Furatan et}
up the wonberu oLl seetdon of v esbenslve pupitonwlriaselce
wosyneling besln which opeticd inbo Yhe Aretic dcualle

L.

e schiotous-silica doposlla of the ‘ ,juchti.sl: ' Lbr*nnslm_.]
perles (1’1) of this dopressien are gonspleuously plmsl_:km‘\;.i.zccl, ond the
seneral Litholople appuerance of the deponito rontnd one of the phos=
phabived depoaits of the very same aje in the US. Phoaphate roeks of
the Permian are encountered in thelr own right, occeurring in a thiek
corbonate series of deposibse Phosphatization evon enters into the
overlylny :;'.Lnuconi.to-bearim; doposite of the Triassice

Lo Silurion pericd of the siterian platform, In the territory
of the Siberian plabform and the adjoining peripheral foldod sbructures,
the sharply increased phospha'bi:mtion in deposits of the ancient Paleo=
sole (Silurian and Combrian) of wmany reglons 1y well known, 1his pormits

ws ab the present time to make a serles of generalizations and prognostic

conclusilons,
v’g{‘.ﬂﬁ&“ “This Foeean dranshideration (v ad et yal r-&rm‘,
':“-' W Ao -41 ¢ “*sz\'\,‘s) o same , .I‘C}'ﬁ W '
b bl e olher et buce wprd 6] siola nd, |
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&, The eavtern, soulbiern sd pouthwestern weriphersl uones
of the Silurlan field of depaslite w= vones edjagent, roapectively, to
the Aldan and Dalkeld Lolded aones = gonslot =f shallow weter, littoral
sand depestte with sandy phegphate rocka of neslible namltudes  The
phogphate rocka here ave aganeleled with Ghe sandyeclayey oorlea of
the many ek 7 [tvmmllb] haydaon .‘321. The comicrelal Lupore
tanc: of these vhogphate roeks of Lo perlpheval=libuoral sones 18 of
little promluc.

be A diffepent phaze eherestor 'a possessed Ly the Siluwrlan
deposlto and thelr suberdinaie phouphotc roeka of Lhe nurblicrn zone,

The Sllurlan Le here peproscnted by deeper aober doposits (froa alltotones
Lo earbonaccoug~galesreous obrate), In eeniowaity wibh thia, the
phissphate roelts vebuedly dlseovered hore i Lhe form of oxposed loycrs
dere of o hiyher quality.

5, Uambplan-Proturozeics  Eb wog in very necent verva (1046-194Y)
that informatlon firat appesnsd eonceratng the iner ased phosphatiza-
tlon along a wh le series of replone which wore pelnts for depoailts
of the extunslve Cu Lrlan tasin, Uhe first "hosphabe noinbs" turned
oub to be Lo Sayansk and the contral portion of the Siberlan platlorin,

Hot so dong apo Lb was slill the opinlon of jroloslsts that
phiosphate roeks were not to Ls found in Slberla: "Phosphate rocks in
the USSR mugt occur almost oxelusively in the fesozole and Paleogene
deposlbs of the Hussisn platform, In 8ileris they are complotely une
Znowr,* (1)

Contuinporary Sovieb geologle sclence, with its theoreticnlly
developed study of the Lithogenesis of sudimentory rocks and of thelr
mlnoral products, and with its complex approach (geology plus chonise

try) to thc_;/éolutzton of roblems, disproves this former view, Phosphate
/

w Jlow
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roeks do cocur in Hlieria.

In ecnclusion, I should like Lo uwge veologlste and litheloglate
to the regopnition of that Lagle prepositvion ol our se’ence} na ely,
that without the appllestlon of gonlemparary vethods of phyaloel chemife
try, bhe fukl Atgelosure ad widersbanding of bhe peolarlewenetde
anblern, b whiteh | howaie ragk fopeablon end bie minerel producty dee
Spndent on LU cenfupn, Legoie L soaptlles  To this eolocory Leleng such ‘
uround and Lawdiate problens an e fallowin:y

8 'l:hr;r gorruel tnterirebeulon of the gunebic concitl ng and ape
relablotehipg W erocg of a Joleb ceeurrauce tn ene ouratum, cpeclien,
or rook concreblion o pecl opeg oF soncblendly dificrent nincralas

b, The Leyastlon ol delouiled

e, Sutlionbary nlanls e phntes cF yerialle eospoattlon,

d, The role of ferrous ehleriies as Lusle eancanbrntors of
fpon L bhe sodioonbory and dlosensble slioeg ol bhe forontion of
fron ore depesile of sedlmenbewy ori i

eo The problem of the fopmatlon of Lobrolewn and conbugbible '
mbet og o8 resull of deposiby of orpnnie maverilel, sud bie role in
thile process of thermodynasic Lfacbords Reversible and irreversible
BVEBLGIG 8

£, The physicel chemistry and bischesisbey of the procegses

of the disjenoses of sedlmonts in fresh weler rad werine basing, and

the role Lu thuse processus of bhe oxldation=reduction potential .

I shall pause here to dlscuss in somevhab greuter detuil only
the first two examples,

In recont years, in the practice of geolole=prospecting operas-
tions, there have more ond more [requently been encountered cases ol

8 concomlbant occurrence in one stratum of a deposit, in one and the

-32—

Declassified in Part - Sanitized Copy Approved for Release 2012/04/17 : CIA-RDP82-00039R000100140010-5



Declassified in Part - Sanitized Copy Approved for Release 2012/04/17 : CIA-RDP82-00039R000100140010-5

CUlthbLi i,

sasie ure speelimen , pad even bn one gaaeretlon, of veuetieally hoteros
vengous sedlantury niterala, Thus, in Jild.le Jurcaste deposite of the
northern slope of bhe Caucasug, U Jolnt presence of pheoashorite and
slderite 1n tntluste wutusl cosbiuetion la hirhly doveldoned,  In the
Auelrtysh ayneling, alon: Whe eostern elope of the Urals, the mlnersl
agaceletion phoauhnrtbu-3idqr1tcnrhodouhronLte (ﬁnCOB) L6 very widely
developed i Paleopene depecdto.  In the radle Cambrien scdiments ef
Mmhﬁy:mdhtﬁm\werMWMﬂu@w(ymwmnﬁftm-memmm‘w-
nngslen alons bhe western slowe of the Upeda, the ninerol agceeintion
phogphorite=dolaontie 1o rotensively develosets AL these feebs are
senerally expleined by seolerdobo on Uhe Lasts of the fermallist unders
sundtie: of the selence of paresencolos  In addition, the fuev of the
Jolnb veeurrence of Lhuoe mincruls 1y inuerpretod a9 duo to Uhelr olnule
teneous forantlon und bhe common porancters of their genetle environincnt,
56111 quibe reccnbly, in a whele series of woris, these minerals accome
vany L phesphorite (slderite, dolunite, sesroputions of manjanic do=
pooibe) were roalsud to the atabus oL "prospeetblng tadicabors! of phote
siwbe roets,  ALL this confugion exiobed w.bdl, b mcthods of physical
chemtabry, we worked through bhe srstems ol physicol=chemical oguilis-
uﬁmmihrumﬁﬁ&,stﬁW:mﬂdM@mie(mwmy):mmmAMmms.(%M-
ovor, b was found thrt the paramcters of the formation and staLility

of bhese minerals are highly dissimilar, that thoy de not overlep one
anobher, and that, consequently, 1t is out of the question to conslder
that they have a common origin or that one of them could be a prospecw
ting indicator for another. As a consequence of this, the ground is

cut from under the propositdon of the "simulbenelty" of the formation

of these minerals of concomibant cccurrence. We shall adduce here a

comparative tnble of the basic physico=chemical purameters of the flelds
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of the dev loprent and stablllty of Uhwue ainerala nptudied by us and
thelr corresponding systens (Sec Yolle 1Y),

In the seddmentery stase the phoaphete elowad la nreelpliated
11 bhe form of o hizhly Clopers@ scdiment of apatite Lextire, vhoee
shyaleowchionloal puratcters of Pepratlon ave eloge te the paronetore
of the decpegeated leyers of Whe  ccnn wnuor Thaelde  He2ther olderite
nor delemlbe can we fermed 1n thig aerine seclnentory otogee In the
subsequenl dlarenetle olace 1n the exlotciee of the deposlt, with the
atmﬂmwm;hlﬁwrm&&»mv%mmum.hnur)ofa\kvalnfancththm-
vedueblon pawentlol of not higher Bhen 10 Blly eonditlons arice in the
oxyensfroe onvironamnl vith o nratbdve rndox-yotuntiﬂ% Lor Lhe formation
of elderdte (Floure 12).  Tne precons uncbiend rostly at thie expenge of
Lo branslorsnblen (reduetlon) of forrte compounds ol the ge. ¢ Lo nheay
gbape tnle lerrous compounds, end ab bie axpunde ai Lue progence in
e Melored syabon ef bhe dlagencbic muddy vaters v an exensy of Clp e
Lo pracuch «f Lhe bleshunienl deconponition of buried orpanic matter.
Horcover, ag bos alroady Leon notod, under the influcics of an exeess
of eorbon cloxide in auddy walcrs, there algo oceurs a pﬁrtial7fﬁe&eeu&ar?‘
-chasbichnaye == brenslitef latra=loyer miration of the phogphate matier
deposited corliers  Howover, no new thickentins oif the additional mass
of phosphate scours in this sbage, nsturallys

As a preliminary hypothesis, based in part on our experimental
doba, we bring forth the following congepls

The decisive process in the system of mass dolomite~lormation
19 the accumilabion in a woter environment (well, muddy waters) of
magnesiun bicarbonate, which, alone, basically-cg;éiiizin both the
neccasary high pH and the high alkaline resurve of the environment,

with the presence in the same environment of csleium bicarbonate, which

.l -
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o

18 widely prevalenb in natural Wi ey dolonite formetion Lelten place,
nopROVET, autonetlenlly

el oy, hewevery Gena hich eongentyovion off naraeaium
Dloarbonate 0 natural gyaieisd Le produced? peslden bhe aelle=lnown
Lsbinee s of whe rarabhon ai dolonlle b the pracess o abiapacrle
groshon and the Jeeorposilden of pacnastan oilicales, we my concilve
oi e prioslpel wayn, coeh vl wliteh irocaeds FTad Lig sarnenten gella
of nerbne welera Girled dooa pbeabu o sedlieabs (Anclent anas, ler the
oot park), T Dl vy e e wheshomiond w dusuion of a sulleto
Lon fpoa w0, wibh bie pemoval Proo Uik ayoben ab We oeve bl of
SEOLEUD 2125) aned Vi Sorusllon oF mapnesiug Ltearbonabu oub of the ¢rlion
crodg aud LG ehruan Cdextde of U ey dlagentle W boerd.

The tecoad way Le Ly oau intereinae reaction following & nlarn=
Lacd syl o seldduger e

Catiog -~ C0p+  HpSU) - Fig® wom [CaB0y] - (HC03)
wihich, under nopaal condd biong o tomeratize ant pressire, bues pluce
vory olug dohly, ineo aple by, ond Latbinglys  On the obher wsady
aceording to ow expevinonbol dobt, wder inercased bemperature uud
PEOSOULLy VIO COUrdU ol Uaks rueacblon is sreably spusded Up (i"Leure 12).
Consoyuenbly, the thurmodymm'w-mata\mrgmz‘.sm gtage of warine deposivs
(copecially of the goosyncline type), which partislly conbain caleite,
in conjuncbion wibh the decomposibion of buried orgenic mabber, provides
all Lhe nooessaxy physiuo-chumical prerequigites for phe moep dlagenetde
formation of magnesium bicarbonate and caleium and, Lherefore, of dolo=
mibe boos

In any case, dolomite, in relation to phosphorite, 1s a produch
o very late gensration and of a complebely different geneble environments

Thus, only by gebbing oub of bhe narrow framework of "pealoglc
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ernorlence ond fects" and drawlng upen the esscutlally dllferent mee-
theda of phiyelend chenlolyy for Liw iy tnweinretstilon, will we be able
oW bo percelve aad widersbend eorieetly bk coneile neare of the elove~

tndieated procegsce of scdbmsnvary oiifurentlotion,

T
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